Introduction: Hymenoptera injuries are commonly caused by stinging insects. In Amazonas state, Brazil, there is no information regarding distribution, profile, and systemic manifestations associated with Hymenoptera injuries. Methods: This study aimed to identify risk factors for systemic manifestation using the Brazilian Notifiable Diseases Surveillance System (2007System ( to 2015. Results: Half of Hymenoptera injuries were caused by bee stings. Hymenoptera injuries were concentrated in Manaus, and 13.36% of cases displayed systemic signs. Delayed medical assistance (4 to 12 hours) presented four times more risk for systemic manifestations. Conclusions: Simple clinical observations and history of injury are critical information for prognostic improvement.
Stings by insects in the order Hymenoptera are common worldwide, caused mainly by ants, bees, and wasps 1, 2 . The venom released during these injuries is an important weapon against other insects and predators; however, in humans, it can cause both local, and systemic alterations, associated mainly with the deposit of the venom inoculum in the skin (bees), multiple stings (ants and wasps), or even concentration of venom (ants and bees) 3, 4 . Hymenoptera venom contains potentially allergenic proteins (e.g. melittin, phospholipase A1 and A2, hyaluronidase and acid phosphatase) capable of inducing toxic or vasoactive responses 5 . The major local and systemic manifestations observed after the injuries include pain, pruritus, swelling, erythema, vomiting, diarrhea, muscle weakness, respiratory depression, and seizures 6 . In Brazil, accidents involving Hymenoptera are mainly caused by the genera Solenopsis and Paraponera (ants), Apis (bees), and Polistes and Mischocyttarus (wasps) 1, 4, 7 . The total number of accidents due to this order remains unknown, mainly due to the fact that there is no compulsory notification of cases, with the exception of bee stings, with a mean of 9,926 cases per year in the period from 2007 to 2015 4 .
In the Brazilian Amazon region, the reporting of cases involving venomous animals is probably much lower than the actual number of cases, mainly due to the difficulty in traversing the riverine topography, and the indigenous populations arriving at the health centers 8 . Thus, this study aimed to analyze the profile of stings by insect in the order Hymenoptera (ants, bees, and wasps), reported in the state of Amazonas, and the spatial distribution thereof. Furthermore, risk factors associated with the systemic manifestations were assessed, improving knowledge about the health surveillance aspects of patients from the Brazilian Amazon.
The State of Amazonas is located in the Western Brazilian Amazon, comprising an area of 1,570,946.8km 2 , with 62 municipalities. The estimated population of the state was 3,807,921 inhabitants in 2010, with 74.2% living in urban zones, and 25.8% in rural areas. For the analysis, all registers of bee stings as well as ant and wasp injuries (Hymenoptera) were considered. Data were retrieved from the Brazilian Notifiable Diseases Surveillance System [Sistema de Informação de Agravos de Notificação (SINAN)] from January 1, 2007 to December 31, 2015, based on data report forms used in the investigation, and follow-up of cases. All duplicates were removed and only variables with up to 70% of completeness were used in the regression models. Systemic manifestation, comprising blurred vision or dizziness, vomiting or diarrhea, myalgia, renal and unspecified manifestations, were defined as outcomes. Independent variables included insect type, patient sex, age, level of schooling, area of occurrence (rural or urban), work-related injury, anatomical region of the injury, and time elapsed between the bite and medical assistance.
In order to identify risk factors for systemic manifestation following Hymenoptera injuries, a transverse study was carried out, wherein patients with systemic manifestations were classified as cases, while the remaining were classified as controls.
Logistic regression analysis was performed to calculate the Odds Ratio (OR) with its respective 95% confidence interval (CI). Variables with a significance level of p<0.2 in the univariate model were included in the multivariable analysis. For the final model, statistical significance was set as a p<0.05. Goodnessof-fit for the logistic regression model was determined by Hosmer-Lemeshow testing. Statistical analyses were performed using STATA v. 13(StataCorp LLC, College Station, TX, USA) and maps were generated using ESRI ArcMap v. 10.4.1 (ESRI, Redlands, CA, USA). Table 2 ).
Accidents involving Hymenoptera are usually mild and moderate cases. However, this neglected public health issue sometimes can lead to severe cases and even death, since people are not aware about the risks of adverse reactions 9, 10 . Age distribution of Hymenoptera records in Amazonas state differed from that described in previous studies. Results showed that registers comprise mainly children aged 0-10 years (31.57%). Records from young men aged 10-20, and 20-30 years were 15.13% and 16.315, respectively ( Table 1) 11,12 . This finding probably reflects indigenous rituals such as those from Sateré-Mawé ethnicity, in which pre-teens, as a comingof-age ritual, must put their hands inside a glove containing bullet ants belonging to the genera Paraponera and Dinoponera ("Tucandeira's ritual"), known to cause severe pain 13 . This is reinforced by the fact that many of ant-accident records refer to indigenous ethnicity (41 [31.78%]) and that the majority of registers refer to upper limbs as anatomical region of injury (134 [31.68%]) 14 . Time elapsed from sting to medical assistance was less than 3 hours in majority of records (319 [75.41%]) as described in other studies 11, 12 . This may occur because most cases come from urban areas, where transportation to health care is faster. The most frequent systemic clinical manifestations were vagal (17 [29.31%]) and neurological (18 [31.03%]) signs, which was corroborated by other studies 11, 12 . Here we showed for the first time that bee stings, head injuries, and time to medical assistance could be applied as good predictors for systemic manifestations among reported cases of Hymenoptera injury in Amazonas state.
This could be useful as a clinical tool for risk classification. Although local pain and edema are the most common symptoms, clinical manifestations as anaphylaxis, vasculitis, nephrosis, neurites, encephalitis, serum sickness, urticaria, joint pain, and fever can also be present 6, 12 . Since these systemic manifestations can lead to death, especially by allergenic mechanisms, health surveillance systems must be aware of these clinical features 15 . Once several cases are mild and progress to cure, systemic manifestations and deaths are poorly registered. Despite that, we showed that simple clinical observations as well as the history of injury are critical pieces of information that can be used to improve knowledge regarding progression of Hymenopterarelated injury.
